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Executive Summary

In an ongoing effort to improve Air Traffic Control (ATC), the Federal Aviation Administration
(FAA) continues to integrate automated tools into the National Airspace System (NAS). These
automation tools should improve safety and efficiency, while enabling Air Traffic Control
Specialists (ATCSs) to control more aircraft and provide user requested routes. Several research
groups have suggested that the FAA can make further improvements in the NAS through the
introduction of a new operational planning position that has responsibilities for identifying more
efficient flight paths and solving potential losses of separation across multiple sectors. No
studies have evaluated ATCS reaction to some of these new automated tools or the relevance of
specific information provided by a tool for use by either the traditional Radar (R-side) ATCS or a
new multi-sector position. In this study, we evaluated the information needs of ATCSs to
maximize performance of assigned duties. We also evaluated the specific types of information
that would make various automated tools more effective given the roles and responsibilities of
the ATCS position (i.e., an R-side ATCS or a new multi-sector ATCS).

We collected ATCSs’ ratings for the importance of certain information following a human-in-
the-loop simulation. The simulation examined the effectiveness and feasibility of implementing
a new multi-sector ATCS position without automated decision support tools and within the
context of the current NAS. We manipulated the role of our participant ATCSs by assigning
them to either the North or South R-side sectors or the Experimental Position. In the
experimental position, the ATCS rotated between an R-side, Upstream Data (D-side), or
Airspace Coordinator role. On the questionnaire, ATCSs responded to the information needs of
the R-side or Airspace Coordinator roles. We also asked about what types of flight, radar, and
weather information ATCSs perceived to be important for the displays of conflict probe, conflict
resolution, and trial flight planning (CP); direct routing advisory; flight path monitor (FPM); and
load smoother (LS) functions. We used automation as a separate independent variable, where
appropriate.

Thirty ATCSs from Air Route Traffic Control Centers within the United States voluntarily
participated in the experiment conducted at the William J. Hughes Technical Center in Atlantic
City International Airport, NJ. ATCSs completed an Information Requirements Questionnaire
(IRQ) following human-in-the-loop simulations in which teams of three ATCSs acted as either
individual R-side ATCSs, two R-side ATCSs with an Upstream D-side assisting one of the R-
side ATCSs, or two R-side ATCSs with a shared Airspace Coordinator assisting both sectors.
The IRQ asked, in detail, how important specific flight, radar, and weather information would be
to either an R-side ATCS or an Airspace Coordinator while fulfilling the tasks and duties of the
given position. ATCSs could then use their experience from the simulations in which one of the
three ATCSs acted as an Airspace Coordinator. The ATCSs conceptualized future automation
functions from detailed descriptions provided during the briefing. These briefings did not
specify how a function would display relevant information.

Our participant ATCSs differentiated between the information and automation function needs of
an R-side ATCS and those of an Airspace Coordinator. ATCSs indicated that most types of
flight, radar, and datablock information are important with a few exceptions (e.g., fix posting,
departure airport, and aircraft beacon code). However, the role of the ATCS and the automation
function affected the importance of specific information. ATCSs indicated that, although
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important for both ATCS roles, the CP function was more important for R-side ATCSs, whereas
the LS function was more important for Airspace Coordinators. ATCSs indicated that the
Computer Identification (CID) was more important for R-side ATCSs than for Airspace
Coordinators when using the CP, whereas detailed aircraft information and “hot spots” were
more important for the Airspace Coordinator than for the R-side ATCSs when using the LS
function. This reflects the difference in the positions’ roles and responsibilities. R-side ATCSs
have tactical control of aircraft with the primary goal of directing aircraft in a safe, conflict-free
manner. Any automation function that assists the R-side in detecting potential conflicts would
be of great assistance. The R-side needs to know which specific aircraft are involved (i.e.,
specific aircraft identification information) and the CID information because R-side ATCSs enter
control actions into the system via the CID. In contrast, the Airspace Coordinator is not tactical
and has multiple sectors to ensure safe but direct routes for aircraft and coordinates through
sector R-side ATCSs. The LS function becomes more important for them, along with detailed
information about the aircraft in the “hot spots.” The Airspace Coordinator would then use this
information to clear up congested areas through control requests issued through the sector
ATCSs.

Our results indicate that in future studies, it is necessary to provide participants with an
implementation of the automation functions under investigation. Our participants indicated that
the automation functions might require different implementations depending on the roles and
responsibilities of the ATCS that uses them.
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1. Introduction

In an ongoing effort to improve Air Traffic Control (ATC), the Federal Aviation Administration
(FAA) continues to integrate automation tools into the National Airspace System (NAS). These
automation tools need to improve safety and efficiency to enable Air Traffic Control Specialists
(ATCSs) to control more aircraft and accommodate user requested routes. In addition, several
research groups have suggested that the FAA can make further improvements in the NAS
through the introduction of a new operational planning position. The National Aeronautics and
Space Agency (NASA), MITRE’s Center for Advanced Aviation System Development
(CAASD), and Eurocontrol have proposed different implementations and operational procedures
for a new ATCS position. As conceptualized by these agencies, the new multi-sector position
would use the various automated tools to make air traffic more efficient and to solve potential
losses of separation (LOSs) strategically. However, no studies have evaluated ATCS reaction to
some of these new automated tools or the relevance of specific information provided by a tool
for use by either the traditional Radar (R-side) ATCS or a new multi-sector position. In this
study, we evaluated the information needs of ATCSs to maximize performance of assigned
duties. We also evaluated the specific types of information that would make various automated
tools more effective given the roles and responsibilities of the ATCS position (i.e., an R-side
ATCS or a new multi-sector ATCS).

1.1 Background

The use of automation in ATC is not new, and ATCSs use various automated tools in the current
NAS (e.g., RADAR, host, and Display System Replacement [DSR]). The FAA’s Office of Air
Traffic System Development (1997) plans to develop and implement more automated tools. The
Office of Air Traffic System Development provides an outline to test and then widely deploy
new tools. Some of these newly designed automation features include Conflict Probe, Conflict
Resolution, and Trial Flight Planner (CP); Direct Routing Advisor (DRA); Flight Path Monitor
(FPM); and Load Smoother (LS). The goal of all these automation functions is to increase the
ATCS’s ability to handle increased traffic levels while improving safety and efficiency.

Beside changes to equipment, NASA, Eurocontrol, and MITRE’s CAASD have proposed
procedural changes that include the introduction of a multi-sector level ATCS as part of a multi-
layered ATC system. The goal of these proposals is to provide a maximally efficient flight path
for each aircraft from departure to arrival. Maximizing an efficient flight path involves getting
each aircraft on the optimal trajectory as soon as possible and minimizing deviations from that
trajectory. Automated decision support tools (DSTs) are necessary to fully take advantage of a
Multi-Sector Planner (MSP) position.

Several studies have investigated alternative team configurations in ATC and decision support
automation tools (e.g., Latron, McGregor, Geissel, Wassmer, & Marsden, 1997; Louden,
Lawson, Thompson, & Viets, 1999; Micro Analysis and Design, Inc. & System Resources Corp.
[SRC], 2000; Nicolaon, De Jonge, Maddock, Cazard, & McGregor, 1997a, 1997b; Thompson,
Hollenberger, & Taber, 1999; Vivona, Ballin, Green, Bach, & McNally, 1996). Unfortunately,
most of the studies have not addressed ATCSs needs regarding the type of required information
automated tools should present. Further, they have not addressed whether



there are differences in needed information between an R-side ATCS and a multi-sector ATCS
position. The goals of these two positions contrast and, therefore, the information needed to
successfully perform the job may be different.

We first discuss, in Section 1.1.1, automated DSTs. Section 1.1.2 provides information about the
current sector-based control responsibilities in the NAS. In Section 1.1.3, we discuss
information about proposed trajectory-based control responsibilities.

1.1.1 Automated Decision Support Functions

In future ATC systems, automation will play an important role in supporting ATCSs with
relevant information and advisories. With this anticipated support, ATCSs will be able to
manage increases in air traffic without experiencing an increase in workload or a reduction in
situation awareness (SA). In this baseline study, we have introduced two positions that could
benefit from these automation functions. We asked our ATCS participants their opinion on
information requirements for several automation functions that they may encounter in future
automation systems. In our queries, we deliberately stayed away from specifying how a function
or tool would display relevant information. Our Information Requirement Questionnaire (IRQ)
asked the ATCS participants about CP, FPM, DRA, and tactical LS functions. In this section,
we will briefly discuss each of these automation functions as they currently exist in the field or
will exist in the near future.

The underlying concept that makes each of these four functions possible is the four-dimensional
(4D) trajectory. A 4D trajectory extends beyond the traditional flight plan in that it includes the
flight plan itself, aircraft characteristics, probabilities about the quality of track data, and weather
information (e.g., MITRE/CAASD, 1999). A particular decision support system creates a 4D
trajectory for each aircraft known to the system. We refer to this process as trajectory synthesis.

Conflict Probe, Conflict Resolution, and Trial Planning advisories use the 4D trajectories to
test if aircraft are likely to violate minimum separation standards. A conflict probe does so by
comparing every aircraft trajectory against one another. Within given constraints, the conflict
probe function reports its findings to the ATCS. Currently, conflict probe functions are capable
of predicting potential conflicts accurately up to 20 minutes before the closest point of approach.
(citation). A conflict resolution advisory function would use the outcome of the conflict probe
and test system-generated solutions to the potential conflict against existing trajectories. The
conflict resolution advisory function then reports scenarios to the ATCS that are likely to solve a
pending conflict without generating new conflicts. Finally, the trial planning function works
similar to the conflict probe with the difference that an ATCS can create a hypothetical flight
plan for an existing aircraft based on the ATCS’ plan for that aircraft. The trial planning
function compares the hypothetical trajectory against all existing trajectories and reports its
findings to the ATCS.

The Flight Path Monitor monitors the existing 4D trajectories for each aircraft in the system
and tests if an aircraft stays within its 4D trajectory. If an aircraft diverts from its 4D trajectory
more than predefined boundary conditions, the FPM alerts the ATCS (e.g., Barrow, 2000).



Direct Routing Advisories use the 4D trajectory to determine if an aircraft can fly to its
destination along a shorter route (e.g., McNally, 2000). If the system finds a route that saves
more than a predefined number of miles or minutes, it will test the new trajectory against
existing trajectories. If the shorter route is conflict free, the system reports the new route and the
savings to the ATCS.

The Tactical Load Smoothing function uses existing trajectories and conflict probe results to
determine local traffic complexity (Meckiff, Chone, & Nicolaon, 1998). Eurocontrol used this
function for their MSP position. Then LS calculates the complexity based on equations that
include the number of aircraft in a given volume of airspace, the aircraft mix, and other factors.
The tactical LS function presents the information to the ATCS by displaying a contour map of
traffic complexity. ATCSs can then focus on a complex situation in a particular area and
determine which aircraft is the main contributor to that situation. In a system developed by
Eurocontrol, an ATCS could also run “what-if” scenarios to determine what a change in the
flight plan for one aircraft would do to the overall traffic complexity contours.

1.1.2 Current Sector-Based Control Responsibilities in the National Airspace System

The ATCS has the primary responsibility for the separation of aircraft within a specified airspace
(sector) in the current en route ATC system. The ATCS uses a number of tools to help maintain
separation between aircraft including the radar display and the flight progress strip (FPS). The
ATCS uses these tools to develop and maintain an understanding of the air traffic situation. The
ATCS actively manages air traffic within a sector using specific knowledge of the current
situation and general knowledge of ATC. The ATCS plays an active role in the current ATC
system in that pilots must follow all ATCS instructions and assigned flight plans. Only with the
approval of the ATCS or in an emergency can the pilot make changes to the cleared heading,
altitude, route, or speed. Essentially, the ATCS is in complete command.

In the current NAS, the focus of ATC responsibilities is the sector. A sector is a volume of
airspace with a lateral boundary, a floor, and a ceiling. ATCSs operate tactically within that
airspace. Rarely do sector ATCSs plan traffic flows or conflict resolutions much outside the
borders of their sector. Within an Air Route Traffic Control Center (ARTCC) sector, ATCSs can
work

. alone as an R-side ATCS,
. as a two-person team consisting of an R-side ATCS and a D-side ATCS, or

« as a three-person team consisting of an R-side ATCS, a D-side ATCS, and a Radar
Associate ATCS position (a tracker).
The R-side is the primary position responsible for ensuring aircraft separation. In general, in the
current environment, the D-side assists the R-side in tactical control. Appendix A provides the
current ATCS responsibilities by position according to FAA Order 7110.65L CHG1 (FAA,
1998).



1.1.3 Proposed Trajectory-Based Control Responsibilities in the National Airspace System

Several researchers suggest that ATC must move from the sector-based to a trajectory-based
approach to improve system efficiency (e.g., Couluris, 2000; Leiden & Green, 2000). In a
trajectory-based approach to ATC, ATCSs no longer control aircraft solely with separation and
efficiency within a sector in mind, but rather across all sectors on the aircraft’s flight path. The
trajectory-based approach considers the full trajectory of each aircraft. Because of the focus on
the full flight path from airport of origin to airport of destination, the trajectory-based approach
may save fuel and reduce delays. Leiden and Green reviewed several candidate sector
configurations that would encourage a trajectory-based approach over the current sector-based
approach (Table 1). We briefly discuss the inter-sector planning options with their advantages
and disadvantages.

Table 1. Inter-Sector Planning Options

User Request Evaluation Tool-like procedures
Upstream D-Side

Upstream R-Side

Upstream Team

NASA Airspace Coordinator

Multi-Sector Planner

The first approach for more trajectory-based control uses User Request Evaluation Tool (URET)-
like procedures. This approach relies on information provided by one DST, URET. URET is the
interim conflict probe currently in use at Memphis and Indianapolis ARTCCs that uses a
“downstream’ concept. In this concept, the downstream team where a pending conflict will
occur has the option to reach out to upstream sectors that currently control the aircraft and
coordinate changes to aircraft trajectories to solve pending problems before aircraft enter the
sector. URET is a D-side tool and, in essence, shifts the D-side into a role that becomes more
strategic. An advantage of using URET-like procedures is that URET uses an existing position
(the downstream D-side) without changing existing procedures. Although the D-side ATCS in
the URET environment has a new tool, the D-side’s primary responsibility is to assist the R-side
ATCS. In complex traffic situations, therefore, the D-side ATCS joins the R-side in a tactical
capacity, and the planning function is most likely sacrificed just when it is needed most. The use
of a strategic tool would only play a secondary role in that case. Another limitation of URET is
that it provides the downstream D-side with a time horizon of 20 minutes for pending conflicts.

The upstream D-side reverses the URET-like procedures. Now, the upstream sector owns the
conflict instead of the downstream sector. The upstream D-side now has the additional
responsibility to resolve pending conflicts in downstream sectors by changing trajectories of
aircraft that are currently in his or her sector. The advantage of this approach is similar to the
URET-like procedures; the D-side position already exists and operational procedures do not need
to change. The main change that would need to occur is a change in the ATCS mindset. In the

' A downstream sector is the sector in which a conflict is predicted to occur without any control action to resolve it. An upstream sector is the
sector in which aircraft are flying when a predicted conflict is identified in the downstream sector.
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upstream D-side concept, the D-side will need to tell the R-side to move aircraft because of
pending conflicts in downstream sectors. The current ATCS culture perceives the D-side as
assisting the R-side ATCS. In the current system, the presence of a D-side often means that the
traffic situation is so complex that the R-side ATCS needs assistance. The additional multi-
sector responsibility for the D-side may take the needed assistance away from the R-side ATCS.
Without a change in the position requirements for the D-side, it is likely that the D-side ATCS
will drop the strategic planning to assist the R-side ATCS. Further, the upstream D-side concept
would require a change in staffing procedures, putting a D-side ATCS on every staffed sector.

The upstream R-side reverses the URET-like procedures as well. The upstream sector has the
responsibility for resolving a conflict instead of the downstream sector. In this case, the R-side
now has the additional responsibility to resolve pending conflicts in downstream sectors by
changing trajectories of aircraft that are currently in the sector. The advantage of using an
existing position still exists, but it comes with a major disadvantage. The R-side is a tactical
ATCS working with a short time horizon and needing to react to tactical situations. The strategic
role of the upstream R-side does not fit within the tactical responsibilities of an R-side ATCS.
When the complexity of a traffic situation increases, the R-side ATCS will likely drop secondary
tasks like solving conflicts downstream. An additional disadvantage is that in many of the ATC
centers, sector staffing with a single ATCS is the norm except for when traffic complexity
dictates otherwise.

The upstream team concept puts the responsibility of resolving downstream conflicts on the
ATCS team. The advantages and disadvantages of the upstream D- and R-sides still hold true
for the upstream team. Similar to the D-side concept, the upstream team concept would require a
change in staffing.

A new position that would take advantage of the existing operational procedures is the Airspace
Coordinator proposed by NASA. The Airspace Coordinator monitors several sectors for
potential aircraft conflicts and more efficient traffic routes. The Airspace Coordinator can only
put control actions into effect by coordinating with the sector-based ATCSs through the regular
channels. An advantage of this concept is that ATC has experience with positions that have
fulfilled functions similar to the Airspace Coordinator such as a floating “tracker” (i.e., a third
ATCS that would be used to assist a two-person team, when needed). Another example is the
floating D-side ATCS; he or she has a similar function as the floating tracker but assists sectors
staffed with a single ATCS when needed. Finally, some ARTCCs have Traffic Management
Unit (TMU) staff that will “walk the floor” to actively assist in moving aircraft to maintain an
efficient flow of traffic. A possible disadvantage of this position may be that it could increase
the workload of the R-side ATCS because of an increase in landline communications.

Finally, Eurocontrol introduced the concept of an MSP. The MSP has the responsibility to
monitor a group of sectors. In this role, the MSP actually issues advisories and control
instructions directly to aircraft via data link. The control instructions (e.g., speed, heading, and
altitude changes) become effective at the border of a sector. Eurocontrol’s PHARE (Van Gool &
Schroeter, 1999) project evaluated the feasibility of the MSP position. The MSP received many
new tools to assist in fulfilling these new functions and responsibilities. The project’s results
indicate that the MSP lost SA and suffered from information clutter on the MSP display. It is
likely that the MSP had not received enough time to effectively integrate the tools into his or her



new role causing an increase in workload and an associated loss of SA. On the other hand, a
multi-sector ATCS may have very different SA requirements than a sector-based ATCS. The
MSP, for example, was not responsible for all pending conflicts in the MSP area. The MSP
focused on aircraft and their pending conflicts up to 10 minutes before they entered the MSP
area. Therefore, if one uses SA measures based on sector-based control, an MSP may lose SA
and still have good SA when evaluated based on MSP requirements. An advantage of the MSP
function is that it includes the ability to issue control actions to aircraft directly thereby reducing
increased use of landlines. The disadvantage of the MSP functions that ATCSs often point out is
that the same aircraft now receives instructions from both sector ATCSs and the MSP. ATCSs’
most dreaded situation is another ATCS controlling traffic in his or her sector. The main
disadvantage of the PHARE project was that it did not separate the effects of the introduction of
new tools from the effects of the newly created multi-sector position.

1.2 Objectives

The objective of this study was to identify the information needs required for a multi-sector
position and contrast those needs with the needs of the traditional R-side ATCS. We were
interested in what types of information ATCSs perceived to be important for the displays of CP,
FPM, DRA, and LS functions.

1.3 Scope

We present informational needs data collected during a human-in-the-loop simulation that
examined the effectiveness and feasibility of implementing a new multi-sector ATCS position
without automated DSTs and within the context of the current NAS. Our focus in the current
report is how ATCSs perceived the importance and necessity of various flight, radar, and
weather information that various future automation functions would present.

Thirty ATCSs performed en route ATC simulations at two experimental task load levels (Low
and High)>. The ATCSs worked in team configurations either as 1) individual R-sides (baseline),
2) upstream D-side (in teams of three standard positions consisting of two R-sides and one D-
side), or 3) Airspace Coordinator (in teams of three consisting of two R-sides and one shared
multi-sector position that could only coordinate through the sector ATCSs). After finishing all
experimental trials, ATCSs completed the IRQ (Appendix B) that asked, in detail, how important
specific information would be to either an R-side ATCS or an Airspace Coordinator while
fulfilling the tasks and duties of the given position. ATCSs could then use their experience from
the simulations in which one of the three ATCSs acted as an Airspace Coordinator. They needed
to conceptualize the future automation functions from detailed descriptions provided during the
briefing. These briefings did not specify how a function would display relevant information.

? Although some researchers may question our ability to express task load in a quantitative way, our subject matter experts can give us their
expert opinion on what traffic levels will provide us with low, moderate, or high task load levels as long as we, as researchers, determine what
operational conditions we want to mimic with these levels. The number of aircraft in a sector is but one of the variables that determine the task
load. Others prefer to use sector complexity rather than task load (Mogford, Murphy, Roske-Hostrand, Yastrop, & Guttman, 1994). Sector
complexity is a composite of number of aircraft, type of aircraft, aircraft flight profiles, number of handoffs, and, likely, several other factors. In
this experiment, the number of aircraft that move through the sector airspace mostly determines the task load.
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2. Method

In the following sections, we describe participants, experimental staff, experimental design, and
procedure.

2.1 Participants

Thirty Certified Professional Controller ATCSs (6 female, 24 male) from ARTCCs within the
United States voluntarily participated in the study. All participants were current, non-
supervisory, full-time ATCSs. They actively controlled traffic at level 11 and 12 ARTCC
facilities for at least 16 hours in the month preceding the experiment. To maintain a
homogeneous participant pool, we recruited ATCSs that had DSR certification and at least one
month DSR experience. None of the participants was on medical waiver or in a staff position at
the time of the experiment. The mean age of participants was 39.3 years (31 - 46). They had
actively controlled traffic at an en route facility for 11.3 years (2 - 22). The participants worked
air traffic for an average of 11.9 (10 — 12) months in the preceding 12 months. Using a 10-point
scale, participants rated their current skill level as a 7.9 (5 - 10), their stress level as 4.3 (1 - 8),
and their motivation to participate in the study as 8.2 (4 - 10).

The Institutional Review Board of the William J. Hughes Technical Center approved the study,
and the ATCSs gave their written consent to participate in the experiment (See Appendix C for
the Informed Consent Form). The research team ensured them that their data would be
completely confidential.

2.2 Experimental Staff

A research team of two Engineering Research Psychologists (ERPs) administered the IRQ. In
preparation for the study, the ERPs designed the experiment, procedures, questionnaires, and
briefing. The ERPs managed the experiment, collected data, and directed support staff. After
experiment completion, the ERPs performed the data analyses and wrote the final technical
reports. The clerical staff assisted in preparing, copying, and distributing forms and
questionnaires during the experiment, and prepared means, standard deviations (SDs),
Multivariate Analysis of Variance (MANOVA), and Analysis of Variance (ANOVA) tables.

2.3 Design

Our study was a 2 (ATCS roles: R-side or Airspace Coordinator) x 3 (ATCS position: North R-
side, Experimental, and South R-side) design. We added additional Independent Variables (IVs)
depending on the analysis we conducted and present them with the specific dataset. To ensure
that the North Sector in the two sector conditions would work enough traffic to justify the
presence of D-side ATCS, we created scenarios that were somewhat heavier in the Northern
portion of our airspace.



2.3.1 Independent Variables

2.3.1.1 ATCS Position

a. Experimental ATCS

The ATCS assigned to the Experimental Position rotated between three different sets of
roles and responsibilities — R-side, Upstream D-side, and Airspace Coordinator. We
selected the Upstream D-side and Airspace Coordinator from the candidate sets of roles and
responsibilities. The Upstream D-side represented roles and responsibilities that were not
substantially different from current responsibilities. This position served as a traditional D-
side to the North R-side with added responsibilities for monitoring conflicts and traffic in
the downstream sector (i.e., South Sector). The Airspace Coordinator represented roles and
responsibilities that included monitoring several sectors of airspace with the goal of
identifying potential LOSs and finding more efficient flight routes for aircraft. The
Airspace Coordinator then implemented any control instructions through the sector R-side
ATCSs. Appendix D contains complete descriptions for the R-side, Upstream D-side, and
Airspace Coordinator positions.

b. North R-side ATCS
The North R-side ATCSs controlled traffic as an R-side in all simulation conditions.
¢. South R-side ATCS

The South R-side ATCSs controlled traffic as an R-side in all simulation conditions.

2.3.1.2 ATCS Role

On the questionnaire, we asked about two ATCS roles: R-side or Airspace Coordinator. We
chose the Airspace Coordinator role from the various multi-sector positions.

2.3.2 Dependent Variables - Information Requirements Questionnaire

The IRQ* (Appendix B) contained specific items inquiring about the importance of flight data,
radar, and other information that ATCSs would need for future automation functions and for
different ATC functions. ATCSs rated the importance of each item using a Likert-type rating
scale from 1 (not important) to 10 (very important). These future automation functions included
a CP, FPM, DRA, and LS (Table 2). We asked them to differentiate between an R-side ATCS
and an Airspace Coordinator (i.e., ATCSs rated the importance of each item for each of the two
positions) because each position has different roles and responsibilities and the requirements
needed to fulfill these may be different.

* In this report, we focus on the IRQ ratings completed by ATCSs after finishing all experimental simulation runs. We also collected data
examining SA, workload, visual scanning, and performance during the simulation, but will present results based on data analyses on those
constructs in separate technical reports.



Table 2. Automation Function Descriptions

Automation Function

Description

Conflict Probe, Conflict
Advisory, and Trial
Planning (CP)

Conlflict probe — similar to the standard Host conflict alert except that it can use
flight plan, weather, winds, and trajectory information to detect conflicts much
sooner than the standard Host conflict alert.

Conlflict advisory — provides ATCSs with control action advisories that will
resolve existing conflicts without causing additional conflicts.

Trial planning — allows ATCSs to enter a proposed (or hypothetical) control
action and have the system project aircraft trajectory to detect potential conflicts
or report a clear conflict status.

Flight Path Monitor
(FPM)

Monitors aircraft for conformance with flight plans and control instructions and
alerts controller to significant unplanned lateral deviations or altitude busts.

Direct Routing Advisory (DRA)

Works in conjunction with an underlying conflict probe function to provide
ATCSs with control action advisories that will allow direct routing of aircraft to
their final destinations. The function will identify only those aircraft that have
direct routes, which are clear of conflicts and will save a “significant” amount of
time and/or distance.

Load Smoother (LS)

Identifies the locations of “hot spots” where high aircraft density and
complexity exist in a region of airspace. The function uses a specified time in
the future and projects where the “hot spots” will appear according to aircraft
flight plans, weather, winds, and trajectory information. Once the “hot spots”
are identified, the function provides ATCSs with control action advisories for
specific aircraft in order to reduce aircraft density and complexity in the “hot
spots.”

We divided the IRQ into several categories (Table 3). Because we asked the same items for
flight, radar, and datablock; assigned control actions; and map display data across all the
automation functions, we created a within-subjects variable of automation that contained four
levels: CP, DRA, FPM, or LS. For the trial planning questions, we had only three levels of
automation: CP, DRA, and LS. Other sets of questions were specific to an automation function
and therefore we did not include the created automation variable within these statistical analyses.
We discuss the specific type of analysis for each questionnaire item in the Results section.

2.4 Procedure

ATCSs participated in the experiment for 1 week. The morning of their first day of participation
consisted of a briefing and a familiarization period. We explained the experiment, differences
between experimental and field equipment and the confidentiality of participant identity. During
the briefing, we described in detail each of the automation functions included on questionnaires.
We provided an informed consent briefing and assurance that participation was voluntary. After
completing all experimental scenarios, ATCSs completed the IRQ, and then we debriefed them.




Table 3. Information Requirements Analyses

Category Characteristics Created IVs | Type of Analysis
Questions Flight Data (Callsign, type/equipage, computer Automation: CP, | 2x3 x4 (ATCS role
common to ID, sector control designator, fix posting, FPM, DRA, LS x Position x
all automation | departure airport, arrival airport, flight plan en Automation)
functions route, beacon coded)

Radar & Datablock (location, altitude, heading,
airspeed, interim altitude, altitude change
indicator, handoff status)

Assigned Control Actions (assigned altitude,
heading, and airspeed)

Map Display Data (sector boundaries, SUA,
heavy weather location, VORs)

Trial Planning

Trial plan conflict status, a/c trajectory, a/c

Automation: CP,

2x3x3(ATCS role

Questions callsigns, a/c trajectories & LOS point, time until | DRA, LS x Position x
LOS, closest-point-of-approach Automation)
CP questions | Conflict alert indicator for involved a/c, a/c Probe Type: a/c, |2 x 3 x 3

only

trajectory & LOS point, time until LOS point,
closest-point-of-approach

SUA, Weather

(ATCS role x
Position x
Probe Type)

CP questions
only

Primary and resolution advisory control action for
each a/c, a/c trajectory under resolution advisory

2 x 3 (ATCS role x
Position)

FPM Flight path deviation alert indicator, a/c deviation 2 x 3 (ATCS role x
questions trajectory, a/c planned route, extent of Position)
only lateral/altitude deviation, lateral/altitude deviation
criteria for alert
DRA Primary and alternate DRA control action, a/c 2x 3 (ATCS role x
questions trajectory under advisory route, time/distance Position)
only savings criteria for a/c
FPM Primary and alternate LS advisory control action, 2 x 3 (ATCS role x
questions a/c trajectory under advisory route, “hot spots” Position)
only under advisory route for specific times
3. Results

For a description of general statistical methods as well as for detailed information about the
statistical methods used in this study, we refer the reader to Willems and Truitt (1999).

We computed MANOV As to compare effects on multiple variables and ANOV As for effects on
single dependent variables (DVs). We tested the Wilks’ A statistic using a level of p <.05 and
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report the equivalent F statistic. We report the most commonly used alpha level closest to the
actual p value obtained. If the results of the MANOVA were statistically significant (p <.05),
we performed univariate ANOVAs to determine which of the DVs were significantly different
across experimental conditions. We based the significance of an ANOVA result on an adjusted
alpha level using the following formula:

Ooverail = 1-(1- @ 1naiviqua1)” Where n is the number of variables

or:

_ 1/n
Oindividual = 1-(1- Goverall)

We report the adjusted alpha level with each analysis. If the result of an ANOVA was
statistically significant, we performed appropriate post hoc tests to determine which conditions
were responsible for the significance.

Other researchers have used a more lenient approach when investigating the effects of
manipulation on DVs by not adjusting the alpha level. Such an approach may make it more
likely to erroneously conclude that an effect exists, but allows researchers to investigate trends in
the data. In the current study, we follow such an approach to investigate trends (Table 4).

Table 4. Types of Trends

Trend Multivariate Univariate p value

Primary Significant <.05, > adjusted alpha

Primary Not significant < adjusted alpha
Secondary Not significant <.05, > adjusted alpha

In the graphical presentation of the results, we provide means and SDs. The SDs indicate the
between-subject variance. We use this to present the variance among participants. For statistical
purposes, we used the repeated-measures variance to determine statistical significance.

3.1 Questions Common to All Automation Functions

We conducted 2 x 3 x 4 (ATCS Role x Position x Automation) mixed measures MANOVAs for
the items common to all automation functions. These MANOV As examined flight, radar and
data block, assigned control actions, and map display data items, respectively. We conducted
follow-up univariate analyses to examine any significant effects at the MANOVA level and to
check for trends. We adjusted the alpha level according to the number of items within a given
category. We provide the means, SD, MANOVA, and ANOVA tables in Appendix E.

11



3.1.1 Flight Data

The 2 x 3 x 4 (ATCS role x position x automation) mixed MANOV A examining the flight data

items showed a significant effect for role [A = .32, F(9,19) = 4.58, p <.05, Table E-5] across the
set of items. We conducted follow-up ANOVAs and adjusted the alpha to .006.

We found secondary trends for the item regarding aircraft callsign (Table E-9). ATCSs rated
aircraft callsign more important for the CP function than for the LS function. The ATCS role x
automation interaction reached a trend. ATCSs rated the aircraft callsign information as more
important for the CP function than for the LS function when used by an R-side ATCS compared
to an Airspace Coordinator. In contrast, ATCSs rated the aircraft callsign information as more
important for the LS when used by the Airspace Coordinator than an R-side ATCS (Figure 1).
Results for the FPM and DRA did not show these differences.
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Figure 1. Importance of aircraft callsign by ATCS role and automation.

A secondary trend for the ATCS role x automation interaction occurred for aircraft type and
equipage information (Table E-10). ATCSs rated this type of information on the CP function as
more important for the R-side ATCS than for the Airspace Coordinator (Figure 2). ATCSs did
not rate this information different for the other automation functions.
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Figure 2. Importance of aircraft type and equipage by ATC role and automation.
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We found a primary trend for automation and secondary trends for ATCS role and position for
the importance of CID (Table E-11). ATCSs rated CID information as more important for the
CP function than for either the DRA or LS functions (Figure 3). The importance of this item for
CP and FPM did not differ. ATCSs rated this item more important for R-side ATCSs than for
Airspace Coordinators (Figure 4). The Experimental ATCSs rated this information as less
important than the South R-side ATCSs, but their ratings did not differ in ratings from the North
R-side ATCSs (Figure 5).
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Figure 3. Importance of CID by automation.
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Figure 4. Importance of CID by ATCS role.
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Figure 5. Importance of CID by position.

We found a secondary trend for the three-way interaction for ATCS role x position X automation
for the importance of sector control designator information (Table E-12). ATCS role x
automation had an effect on North R-side ATCSs’ ratings but did not influence either the
Experimental or South R-side ATCSs’ ratings. North R-side ATCSs rated the sector control
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designator as more important for Airspace Coordinators when using the LS than when R-side
ATCSs use the LS (Figure 6). They did not rate any of the other automation functions
statistically different for either of the ATCS roles. The ratings of the Experimental and South R-
side ATCSs did not show this effect (Figures 7 and 8, respectively).
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Figure 6. Importance of sector control designator for North R-side ATCS by ATCS role and
automation.
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Figure 7. Importance of sector control designator for Experimental ATCS by ATCS role and
automation.
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Figure 8. Importance of sector control designator for South R-side ATCSs by ATCS role and
automation.

A primary trend for the ATCS role x position interaction occurred for fix posting data (Table E-
13). South R-side ATCSs indicated that they felt this information was more important for the
Airspace Coordinator than for the R-side ATCS (Figure 9). The North R-side and Experimental
ATCSs did not rate this item as more important for either the R-side ATCS or Airspace
Coordinator.
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Figure 9. Fix posting data by ATCS role and position.

A secondary trend occurred for automation on the importance of departure airport (Table E-14).
ATCSs rated this information more important to have for the LS than the CP function or the

DRA function (Figure 10).
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Figure 10. Importance of departure airport by automation.
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Primary trends occurred for automation and the ATCS role x automation interaction and a
secondary trend occurred for ATCS role for the item assessing importance of arrival airport
(Table E-15). For the LS function, ATCSs rated the importance of the arrival airport higher for
the Airspace Coordinator than for the R-side ATCS (Figure 11). We did not find differences for

the other functions.
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Figure 11. Importance of arrival airport by ATCS role and automation.
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For the item assessing importance of flight plan en route airways and fixes, we found a
secondary trend for the ATCS role x position interaction (Table E-16). The South R-side ATCSs
rated this information as more important for the Airspace Coordinator role than the R-side ATCS
role, whereas the North R-side and Experimental ATCSs did not distinguish between these two

roles (Figure 12).
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Figure 12. Importance of flight plan en route airways and fixes by ATCS role and position.

We found a secondary trend for position on the importance of aircraft beacon code information
(Table E-17). South R-side ATCSs rated this information more important than the Experimental
ATCSs but did not differ from the North R-side ATCSs (Figure 13). The North and
Experimental ATCSs did not differ.
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Figure 13. Importance of aircraft beacon code by position.

3.1.2 Radar and Data Block Information

The 2 x 3 x 4 (ATCS role x position x automation) mixed design MANOVA examining the radar
and data block information did not show statistically significant effects (Table E-6). We
adjusted the alpha to .007 and conducted univariate analyses to examine trends in the data.

We found a secondary trend for the ATCS role x automation interaction on the current location
item (Table E-18). When using the LS, ATCSs rated the current location information more
important for an Airspace Coordinator (Figure 14). ATCSs did not distinguish between these
two roles for the other automation functions.
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Figure 14. Importance of current location by ATCS role and automation.

The ATCS role x position and automation x position interactions both reached secondary trends
for the importance of current heading information (Table E-20). South R-side ATCSs rated this
information of more importance for the Airspace Coordinator role than the R-side ATCSs role,
whereas the North R-side and Experimental ATCSs did not distinguish differences in importance
for these two roles (Figure 15). The North R-side ATCSs rated the importance of current
heading information relatively the same for the various automation functions, whereas the
Experimental ATCSs rated this information least important for the DRA relative to the CP, FPM,
and LS functions (Figure 16). The South R-side ATCSs rated this information least important
for the CP relative to the other functions.
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Figure 15. Importance of current heading by ATCS role and position.
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Figure 16. Importance of current heading by automation and position.
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A primary trend for automation and a secondary trend for the ATCS role x automation
interaction occurred for the importance of current airspeed (Table E-21). The ATCS role
qualified the effect of automation, and we focus on this. For the CP function, ATCSs rated the
current airspeed information more important for the R-side ATCS role (Figure 17). ATCSs did
not differ in their importance ratings along the other automation functions.

—_

SN N0 O

Participant Rating

CP FPM DRA LS
W Radar Controller O Airspace Coordinator

Figure 17. Importance of current airspeed by ATCS role and automation.

Secondary trends occurred for automation and the automation x position interaction for the
importance of interim altitude information (Table E-22). We focus on the interaction because it
qualified the effect of automation. The North R-side ATCSs did not rate the importance of
interim altitude information different depending on the automation function (Figure 18).
However, the Experimental ATCSs indicated that interim altitude information would be most
important for the CP function compared to either the DRA or LS functions. Their ratings for the
importance of this item did not differ between the CP or FPM functions. South R-side ATCSs
indicated that the importance of interim altitude information was lower for the LS function than
the CP function or the DRA function. Their ratings for this item for either the LS or the FPM did
not differ.
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Figure 18. Importance of interim altitude by automation and position.

For the importance of altitude change indicator (level, climb, or descent), we found a secondary
trend for the ATCS role x automation interaction (Table E-23). Further analyses showed that
ATCSs felt it was more important for the R-side ATCS role when they would use the CP
function compared to the DRA or LS function (Figure 19). Their ratings did not differ between
the CP and the FPM. They did not differ for the various automation functions when used by the
Airspace Coordinator.
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Figure 19. Importance of altitude change indicator (level, climb, descent) by ATCS role and
automation.

For the item assessing the importance of aircraft handoff status, we found a secondary trend for
the ATCS role x automation interaction (Table E-24). For the CP function, ATCSs indicated
that it would be more important for the R-side ATCS role than the Airspace Coordinator role
(Figure 20). They did not differentiate the importance of this information for the R-side ATCS
versus the Airspace Coordinator roles for the other automation functions.
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Figure 20. Importance of aircraft handoff status by ATCS role and automation.

3.1.3 Assigned Control Actions

We conducted a 2 x 3 x 4 (ATCS role x position x automation) mixed design MANOVA for the
assigned control action items. The ATCS role x automation interaction was significant [A = .46,
F(9,19) =2.46, p < .05, Table E-7]. We conducted follow-up ANOV As and adjusted the alpha
to .017.

We found a primary trend for the ATCS role x automation interaction for the importance of
assigned heading (Table E-26). The Experimental ATCSs rated this information more important
for the R-side ATCS role than for the Airspace Coordinator role (Figure 21). The North and
South R-side ATCSs did not rate the importance of this item different for the R-side ATCS or
the Airspace Coordinator.
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Figure 21. Importance of assigned heading by ATCS role and position.

3.1.4 Map Display Data

We conducted a 2 x 3 x 4 (ATCS role x position x automation) mixed design MANOVA for the
items comprising the map display data information. We did not find statistically significant
results at the multivariate level (Table E-8). We conducted ANOVAs to examine any trends in
the data and adjusted the alpha to .013.

We found a primary trend for the ATCS role x automation interaction for the importance of
sector boundaries information (Table E-28). ATCSs rated this information more important for
the R-side ATCS role when using the CP function (Figure 22). ATCSs did not rate the
importance of this information differently for the R-side ATCS or Airspace Coordinator using
any of the other automation functions.

Participant Rating
(@)}
|

CP FPM DRA LS
B Radar Controller O Airspace Coordinator

Figure 22. Importance of sector boundaries by ATCS role and automation.

For the importance of Special Use Airspace (SUA) boundaries, we found a primary trend for the
ATCS role x automation interaction (Table E-29). When using the CP function, ATCSs felt this
information would be more important for the R-side ATCS role. In contrast, they felt that when
using the LS, this information would be more important for the Airspace Coordinator (Figure
23). There were no differences between importance ratings for the R-side ATCS and Airspace
Coordinator roles for either the FPM or the DRA functions.
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Figure 23. Importance of SUA boundaries by ATCS role and automation.

For the importance of heavy weather location information, we found primary trends for
automation and the ATCS role x automation interaction and a secondary trend for ATCS role
(Table E-30). We focus on the interaction because it qualified the main effects. The effect of
ATCS role was significant within the FPM and LS functions but not for the CP and DRA
functions. ATCSs rated this information more important for Airspace Coordinators when using
either the FPM or the LS (Figure 24).
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Figure 24. Importance of heavy weather location by ATCS role and automation.

We found a secondary trend for the ATCS role x position interaction for the importance of VORs
(Table E-31). The effect of position was significant for the Airspace Coordinator role. South R-
side ATCSs rated this information more important than North R-side ATCSs for the Airspace
Coordinator role (Figure 25). The South and Experimental ATCSs and the Experimental and
North R-side ATCSs did not differ.
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Figure 25. Importance of VORs by ATCS role and position.
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3.2 Trial Planning Questions

We had several items comprise the trial planning questions for the CP, DRA, and LS functions.
We conducted a 2 x 3 x 3 (ATCS role x automation x position) mixed MANOVA. We did not
find statistically significant results at the multivariate level (Table F-2). We conducted
univariate analyses to examine trends in the data and adjusted the alpha to .008. We provide
means, SDs, MANOVA, and ANOVA tables in Appendix F.

We found a secondary trend for ATCS role for the importance of conflict status (Table F-3).
ATCSs rated this as more important for the Airspace Coordinator role than the R-side ATCS role
(Figure 26).
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Figure 26. Importance of conflict status by ATCS role.

For the importance of aircraft trajectory, we found secondary trends for ATCS role and
automation (Table F-4). ATCSs rated this information as more important for the Airspace
Coordinator role (Figure 27). ATCS rated this information least important for the CP function as
compared to either the DRA or LS functions (Figure 27).
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Figure 27. Importance of aircraft trajectory by ATCS role and automation.

For the importance of displaying aircraft trajectories and LOS point with other aircraft if there is
a conflict, we found a secondary trend for ATCS role (Table F-6). ATCSs indicated that this
information would be more important for the Airspace Coordinator (Figure 28).
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Figure 28. Importance of aircraft trajectories and LOS point with other aircraft in conflict by
ATCS role.

3.3 Conflict Probe, Conflict Resolution, and Trial Planning Questions Only

We had several items for the CP questions only that examined the importance of conflict alert
indicator, aircraft trajectory and LOS point, time until LOS, closest-point-of-approach for
aircraft, SUA, and weather conflict probe data. Aircraft, SUA, and weather conflict probes
comprised the three levels of the IV probe type that we created. We conducted a2 x3 x 3
(ATCS role x probe type x position) mixed MANOVA. We found a significant effect for probe
type [A =38, F(8,20) =4.06, p < .01, Table G-2]. We conducted follow-up univariate analyses
and adjusted the alpha to .013. We provide means, SDs, MANOVA, and ANOVA tables in
Appendix G.

We found a significant main effect for probe type [F(2,54) = 15.08, p <.0001] and a primary
trend for the ATCS role x probe type interaction for the importance of conflict alert indicator
(Table G-3). The importance of this item was lowest for the weather conflict probe than either
the aircraft or SUA conflict probe, whereas the aircraft and SUA conflict probes did not differ
statistically (Figure 29). The effect of ATCS role qualified this main effect. The effect of ATCS
role was significant for aircraft conflict probe but not for either the SUA or weather conflict
probes. ATCSs rated the aircraft conflict alert indicator as more important for the R-side ATCS
role when using the aircraft conflict alert indicator information (Figure 29).
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Figure 29. Importance of aircraft conflict alert indicator by ATCS role and probe type.
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For the importance of aircraft trajectory and LOS point, we found a main effect for probe type
[F(2,54)=13.24, p <.0001] and a secondary trend for probe type x position (Table G-4).
ATCSs rated this information as more important for the aircraft conflict probe data than for the
weather conflict probe data, whereas the aircraft and SUA conflict probe data and the SUA and
weather conflict probe data were not statistically different (Figure 30). The interaction showed
that the type of probe was significant for the North R-side and Experimental ATCSs but not for
the South R-side ATCSs. The North R-side ATCSs rated the aircraft trajectory and LOS point
information least important for the weather conflict probe data, and there were no differences
between the aircraft and SUA conflict probe data. In contrast, the Experimental ATCSs rated
this information as less important than the aircraft probe data but not different than the SUA
conflict probe data.

North Radar Experimental South Radar
B Aircraft Conflict Probe SUA Conflict Probe
O Weather Conflict Probe

Participant Rating

Figure 30. Importance of aircraft trajectory and LOS point by probe type and position.

We found a significant main effect for probe type for the importance of time until LOS
[F(2,54)=15.46, p <.0001, Table G-5]. We also found secondary trends for ATCS role and the
probe type x position interaction. Tukey post hoc tests showed that ATCSs considered this
information to be more important for aircraft conflict probe data than for weather probe data but
that aircraft and SUA conflict probe data or SUA and weather conflict probe data were not
statistically different. The position of the ATCS qualified this effect. The effect of probe type
was significant for the North R-side and Experimental ATCSs, but not for the South R-side
ATCSs (Figure 31). North R-side ATCSs rated the weather conflict probe data significantly less
important than either the aircraft or SUA conflict probe data, whereas the latter two did not differ
statistically. Experimental ATCSs rated the importance of time until LOS as most important for
the aircraft conflict probe data, but they did not differentiate the importance between SUA and
weather conflict probe data (Figure 32).
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Figure 31. Importance of time until LOS by probe type and position.
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Figure 32. Importance of time until LOS by ATCS role.

For the item assessing the importance of the closest-point-of-approach, we found a secondary
trend for probe type (Table G-6). ATCSs rated this information as the least important for the
weather conflict probe data (Figure 33).
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Figure 33. Importance of closest-point-of-approach by probe type.

Conflict Probe, Resolution Advisory, and Trial Planning Questions Only

The remaining items asking about the CP function comprised conflict resolution advisory data.
We conducted a 2 x 3 (ATCS role x position) mixed MANOVA. We did not find statistically

significant results at the multivariate level (Table H-2, Appendix H). We conducted univariate
analyses to examine trends in the data and adjusted the alpha to .017. We did not find trends in

the data.
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3.5 Flight Path Monitor Questions Only

The importance of fight path deviation alert indicator for involved aircraft, aircraft deviation
trajectory, aircraft planned route, extent of lateral and/or altitude deviation, and lateral and/or
altitude deviation criteria for alert comprised the flight path deviation data for only the FPM
function. We conducted a 2 x 3 (ATCS role x position) mixed MANOVA on these items. We
did not find statistically significant results at the multivariate level nor did we find trends at the
univariate level of analysis (Table I-2, Appendix I).

3.6 Direct Routing Advisory Questions Only

Primary DRA control action for each aircraft, alternate DRA control action for each aircraft,
aircraft trajectory under advisory route, actual time and distance savings with advisory route, and
time and distance savings criteria for aircraft identification comprised the DRA data items. We
conducted a 2 x 3 (ATCS role x position) mixed MANOVA on the above items. We did not find
statistically significant results at the multivariate level of analysis, nor did we find trends in the
data at the univariate level of analysis (Table J-2, Appendix J).

3.7 Load S